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ABSTRACT 


The intestinal bypass operation is a surgical pro- 
cedure used to induce weight loss in morbidly obese in- 
dividuals. Deficiencies of calcium, potassium, magnesium, 
and iron have been reported to occur in patients who 
have undergone the bypass operation. This study was con- 
ducted to determine if bypassed patients also develop 
Zinc deficiency. 

Zinc status was determined by measuring zinc levels in 
plasma, liver, muscle and hair in 14 bypassed and 15 con- 
trol subjects. An atomic absorption spectrophotometer was 
used to measure the zinc levels in the tissues studied. As 
some fatty metamorphosis of the liver frequently results 
from the bypass operation, the amount of fat in the liver 
was determined. The effect of fat infiltration on liver 
Zinc content was also assessed. 

Zinc levels in plasma and hair were significantly 
lower in experimental subjects than in controls, whereas, 
levels in liver-and muscle samples were similar in both 
groups. Levels in liver and muscle were within the normal 
range, whereas, the level in hair was at the lower limit 
and plasma was less than normal. Although there was a 
greater amount of fat in the livers of experimental sub- 
jects compared with control subjects, this difference was 
not significant... As liver fat levels increased, zinc levels 


decreased. This relationship was significant. When fat was 
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removed from liver samples from both control and experi- 
mental subjects, the zinc content was still within a normal 
range. ; 

Although the mean zinc content in the plasma, liver, 
muscle, and hair from patients who had undergone the bypass 
operation was less than levels found in control subjects, 
for only plasma and hair was the difference significant. 
Based on the data obtained from this study, the zinc status 
of the bypassed patient cannot be determined. Further work 


using more subjects and additional parameters is needed. 
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INTRODUCTION 


Morbid obesity is a pathologic state that responds 
poorly to the usual conservative methods of treating the 
mildly obese patient. The failure of these methods and 
the pressing nature of the problem has caused surgeons to 
devise operations that will result in and maintain weight 
loss. The intestinal bypass operation sets aside a size- 
able portion (80-90%) of the jejunum and ileum so that no 
chyme passes through this portion. Weight loss occurs in 
almost all patients. However, because of the induced mal- 
absorption this procedure is not without complications. 
Diarrhea and steatorrhea have led to losses of calcium, 
potassium, and magnesium and thus resulted in low blood 
levels of these minerals. In view of the foregoing, ab- 
sorption of other nutrients, particularly other trace ele- 
ments, may also be depressed. If so, various clinical 
symptoms may be related to mineral deficiencies which are 
presently unrecognized because the nutritional status in 
respect to a number of the trace elements has not been 
measured in the patient with an intestinal bypass. This 
study was undertaken to determine the zine status of intes- 
tinal bypass patients as assessed by the determination of 


the zinc content of plasma, liver, muscle and hair. 
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LITERATURE REVIEW 


The bypass operation 


The intestinal bypass operation iS a surgical proce- 
dure used to induce weight reduction in those who are mor- 
bidly obese and who have been unsuccessful in losing weight 
by conventional means. Morbid obesity has been defined as 
a weight at least 100 pounds above or double ideal weight 
Corel) Bes 

Various operative procedures have been used to exclude 
portions of the small intestine. These have been summarized 
in a recent review article by MacLean (36). The objective 
of such procedures is to decrease absorption of food and 
thus ultimately to achieve loss of body weight. The most 
common procedure used locally is an end-to-end jejuno ter- 
minal ileostomy: 10 inches of jejunum, measured from the 
ligament of Treitz, and 20 inches of ileum, measured from 
the ileocecal valve, are joined end-to-end (58). The je- 
junal end of the defunctioned bowel is closed and attached 
to the base of the mesentary and the ileal end is joined 
end to side to the sigmoid colon. The overall effect of 
this operation is malabsorption of protein, fat and to a 
lesser degree, carbohydrate, vitamins, and minerals. The 
end result is weight loss. 

Fatty metamorphosis of the liver occurs in almost all 


patients following bypass surgery. However, after 300 days 
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post-operative the number of patients with severe meta- 
morphosis gradually decreases so that by 2000 to 2500 
days, about 50% have normal livers on microscopic exam- 


anatdaon) (58). 
The importance of zinc in human physiolcgy 


In 1934, Todd et al. (74) reported that zinc was 
necessary for life in animals and suggested that it was 
probably an essential element for man. Essentiality in 
man was finally shown in 1963 when Prasad et al. (49) ob- 
served a zinc deficiency syndrome in man and when Sandstead 
e€t al. 00) reported in)1967 that the syndrome could be 
treated withwzinc: 

ZIAC AS gavvery ampentant cofactor sin la number of 
enzymes (43). It is essential for the activity of carbon- 
ic anhydrase in the red blood cell (RBC). This enzyme is 
required for the reversible dehydration of carbonic acid, 
a process critical to the rapid transport and elimination 
of CO,. Several enzymes necessary for cellular oxidation, 
such as human alcohol dehydrogenase are also zinc depen- 
dent. The function of zinc in the synthesis of DNA, RNA, 
and protein has been summarized in the review by Halsted 
Sthrvabwebhh9)s saliszinc rsilacking; then ‘synthesis <cofialt 
three substances is inhibited. 

The (role -of azime win carbohydrate metabolism ats “still 


controversial. Quarterman et al. (52) have shown a decreased 
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glucose. tolerance. in zinc-~deficrent rats. , Macpinlac..et. al. 
(35)\, sonwbhevother hand, (didsnotefind any difference in 
fasting blood sugar, or in glucose jtolLerance) curves, be- 
tween zinc-deficient and control rats. Zinc has been found 
bOn it heluence sthewin vitro thansporG<and,utilization.of 
glucose across rat epididymal fat pad membranes (51). Al- 
Ghoughsansulinscontainsazine, 1t/as not. known 1£ the zine 
is required for the biGrogicabl actavrity- Of ansubin. (£9) < 
The exact role of zinc in carbohydrate metabolism has not 


yet been elucidated. 
42enedgeri ciency 


The prevalence of zinc deficiency: 4Zinc deficiency can 
Ceswle aerom several causes.) If the diet as low.an. zinc, 
Cemnighn in chelating agents, “on va.combunation Of both, a 
deficiency state may occur. The diet consumed by some 
Iranian villagers (2) is an example of one which can result 
in a deficiency state. Their diet contains large amounts 
of cereals and grains and, ~therefrGre, sm bower in Zinc 
content than one containing more meat (61). The high phy- 
tate level in the unleavened, wholemeal bread is thought 
to chelate zinc thus further reducing the available zinc 
for absorption (56). Reinhold et al. (54) have questioned 
the importance of a zZinc-phytate complex in contributing to 
Zinc deficiency and have proposed that the binding of 


Zinc by the fiber itself is of greater importance. Zinc 
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deficiency may also occur secondary to digestive disorders 
such as malabsorption and steatorrhea (30). 

The deficiency syndrome was first thought to be lim- 
ited to males because there is a considerably higher con- 
centration of zinc in the testes than in the ovaries. How- 
ever, two cases of females with zinc deficiency symptoms 


have now been documented (17). 


Symptoms of zinc deficiency: (Clinically, zinc’ de- 
ficiency results in severe iron deficiency anemia, open 
epiphysis, hepatosplenomegaly, spoon nails, and hypo- 
gonadism. Impaired wound healing and growth retardation 
result from defective collagen deposition, as zinc is 
required for the production of DNA and RNA needed for col- 
lagen synthesis (12). Some individuals exhibit rough skin 
with hyperpigmentation, and frequently a history of geo- 
phagia (49). Loss of taste (hypogeusia) and smell (hypos- 
bags have been successfully treated with zinc (20, 23). 
However, not only zinc, but also copper and nickel appear 
to have a role in the mechanism of taste as all of these 


trace elements are effective in treating hypogeusia (22). 
Bactors that affect zinc jstatus 


Dactery Jnteke Ch zinc: (tne average Canadian diet, con= 
tains liberal amounts of animal protein and provides 5 to 
6 mg of zinc per 1000 kcal (8). This is based on the assump- 


tion that 60% of dietary’ zinc is derived from meat, fish, 
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and poultry. Therefore, the recommended intake of 9 and 

10 mg per day for normal adult females and males, respec- 
tively, should be readily met. However, the diet of by- 
passed patients may not contain 5 to 6 mg of zinc per 1000 
kcal as their diets are usually higher in carbohydrate 

than is the average diet (58). Osis et al. (42) have shown 
that the zinc content of carbohydrate-rich foods is: lower 
than that of protein-rich foods. Patients who have. under- 
gone the bypass operation usually continue to eat higher 
than normal amounts of food 1; thus, a high carbohydrate 
diet may or may not lead to marginal Zinc intakes as patients 
COmcuming.a SUrFICTent quantity OL Such a diet could Stilt 
meet the recommended intake for zinc because of the large 


yuantity of food eaten. 


Intestinal absorption of Zinc? The site and mechanism 
of zinc absorption has been studied in a number of different 
Species Dut mot in the human. 9 in the rac, the major site 
of absorption is the duodenum followed by the ileum and then 
the jejunum (9). Studies by Methfessel and Spencer (37) 
showed that absorption in the ileum and jejunum was nearly 
identical. Absorption from the stomach, cecum, and colon 
is very low and does not contribute materially to the over- 
abl absorption of zinc: 


Evans et al. (10) have proposed the following sequence 


1. personal communication. P.A: Salmon. 
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as the mechanism of absorption: 1) the pancreas secretes 
a zinc-binding ligand into the intestinal lumen; 2) zinc 
binds to the ligand in the lumen; 3) the zinc-ligand com- 
plex is actively transported through the intestinal micro~ 
villus and into the epithelial cell; 4) in the epithe- 
lial “cell. "Zinc is transferred to. binding sites“on the 
basolateral plasma membrane; 5) metal-free albumin in- 
teracts with the plasma membrane and removes zinc from the 
receptor sites. The quantity of metal-free albumin avail- 
able at the basolateral membrane determines the amount of 
Zinc removed from the intestinal epithelial cell and thus 
regulates the quantity of zinc that enters the body. Al- 
though the protein,&,-macroglobulin, contains: 30/ito. “403 

er the wtetal® zinc conten tiol *serum) “Lee Sebhought ito play 
only a mMimor Tole af at participates aba, in<zine ab- 
sorption (44). Therefore, according to the theory of 
Evans et al. (10) Zinc absorption is inversely proportional- 
ly to serum zinc levels.. 

The level of zinc in the diet has a variable effect 
upon zinc absorption. Furchner and Richmond (14) showed 
that the previous zinc status of an animal affected the 
amount of dietary zinc absorbed. Rats were fed various 
levels of zinc for 28 days and then given an oral dose of 
65y7n. Animals fed diets low in zinc retained more of the 
657n than did those whose zinc nutriture was better. The 


authors studied one human male and found similar results. 
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The subject retained less 
supplementation. Becker and Hoekstra (5) state that by 
supplying higher levels of dietary zinc, the total amount 
absorbed can be slightly increased while at the same time 
the percent absorbed decreases. 

A number of other dietary factors also affects the 
SaDSorplion.of BEA The addition of calcium and phytate 
to a low-zinc diet fed chicks and rats decreases the 
QrreawaeuL Li Ol ezinc, (5 oie be lLnewet BEGG, .OL..Ca. Lod um. Ss 
mediated by phytic acid. Zinc is made unavailable by 
either co-precipitation by or adsorption to a calcium-phy- 
tate complex (41). Diets containing proteins of plant seed 
origin, such as soy protein, have a lower zinc availability 


than do diets containing animal proteins such as casein 


(39). Plant seed proteins contain substantial amounts of 
phytic acid, while animal proteins contain none. Spencer 
et al. (68) fed diets containing low and high amounts of 


calcium to 5 men. They found that the varying levels of 
calcium did not affect absorption of Sant They also noted 
that tne diet was low an) phytic acid and ithat this could 
explain why zinc absorption was unchanged. 

Reinhold et al. (54) have recently presented evidence 
that fiber in unleavened, wholemeal breads may be respon- 
SiblLe for binding large amounts of zinc. Zinc appears to 


bind firmly to both bran and cellulose and does not seem 


to be released in the intestine by the digestive enzymes. 
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Zinc bound to starch or protein is released. 

A substance found in liver extract (62), and the amino 
acid cysteine (40) can chelate zinc and thus increase zinc 
availability in chicks when added to a diet containing soy 
proteins. Copper also increases zinc availability; however, 
the reason for the increase is not known as the copper:zince 
interaction is poorly understood (76). Iron, on the other 
hand, decreases the absorption of zinc (76). This may 


occur because of the similarities in "patterns of absorption" 


of pore and oe as found in ligated intestinal segments from 
Pees). 
Losses of zinc from the body: Roman (57) has shown 


bhai iy theynormals andivadual, ‘the urinary doss! of; zinc 
reiabout <0 .5umg/ 24~hours, whichis avsmally propertion -of 
the amount excreted from the body. The main excretory 
route of zinc appears to be via the gastrointestinal tract 
(68) -9etin mMormal, individuals, dzetary zinc canvvaryiwidely 
without affecting the zinc level in urine (66). Studies 
conducted by McCance and Widdowson (34) showed human sub- 
jects to be in balance at all levels of zinc intake. [In- 
creasing the dietary intake did not affect the amount of 
zinc excreted in the urine but materially increased the 
amount of zinc lost via the feces. In a much more recent 
65 


study Spencer et al. (68) administered Zn orally and al- 


so found only a small amount of zinc excreted in the urine. 
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The absorption of zinc may be altered in the patient 
with a bypass operation as they frequently suffer from 
Steatcrrhea (45). This has been reported to be responsible 
for a decrease in the absorption of calcium and magnesium 
(4), and therefore could similarly affect the absorption of 
ZimC e(30) sieEventually,ebhis ycould,rvesultpinpa,.decrease in 
body«stornes :of:..zinc.. 

Sweat losses of zinc average about 500 pg/l (24), 
but can be as much as 2.5 mg/day under heavy sweating con- 


Greonsis( 2.5) es 


Sex and age of subjects: Lindeman et al. (29) and 
Reinhold (53) suggested that plasma levels of zinc are 
lower in females than males but Halsted et al. (18) did 
not find a significant difference between the sexes. 
Klevay (26) reported that sex had no effect on level of zinc 
in hair. Netsky et al. (38) showed that the zinc content 
of liver, muscle, and hair is not affected by age, while 
the effect of age.on plasma zine levels is still contro- 


verstat {(L8, 26). 
The assessment sof zinc.status 


Fox (13) stated that in the sixties, typical) daily 
intakes of zinc in North America were considered to be ad- 
equate as there were no known zinc deficient population 
groups. In 19/2, Hambidge et al.. (20) reported low levels 


Of Zinc in hair, combined with anorexia, ‘poor growth, and 
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poor taste acuity in supposedly healthy, normal children 
in Denver, Colorado. More recently, Sandstead (59) con- 
ducted studies estimating the dietary availability of Zinc. 
His findings suggest that some infants, pregnant women, 
teenage and college women, institutionalized individuals 
and some living on nutritionally poor diets because of 
restricted income can have a marginal to deficient intake 
of this element. 

No one simple and reliable method for the assessment 
of zinc status is presently known (13), thus several para- 
meters should be studied. The balance technique has been 
a classical method used to study nutritional requirement of 
VarlOUSs. NUCHLents...aThisstechniquer abthough«diiriculit, may 
provide a good basis for the assessment of zinc status, with 
positive retention of zinc by human subjects being indica- 
bive «of =zincsdeficiencys +.Using 238 Prasad (47) showed 
that plasma zinc turnover was increased, the 24 hour ex- 
changeable pool decreased, and cumulative excretion of aren 
in urine and stool was low in 2Zinc-deficient subjects. Un- 
fortunately, the half-life of oes is 245 days, and there- 
fore this isotope is not regularly available for clinical 
use (47, 48). 

The zinc content of various body tissues and fluids 
can be used to establish status (13). Plasma zinc levels 


Gan .retlect the .current«statusso£ van individual as vthe<tuen-— 


over rate of ee in plasma is very rapid (67). Spencer 
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et al. (67) have shown that 13 minutes after a test dose 
or cae is administered, 20% of the test dose is retained 
in the body. After 24 hours, only 1.3% of the test dose 
remains. Although the measurement of plasma zinc is very 
Simple, there are a number of factors which can affect 
these levels (47). The effect of food intake has not 
really been settled. Davis et al. (7) found that the oral 
administration of 50 g of glucose to normal, fasted adults 
resulted in a rapid fall in plasma zinc levels followed 
by a return to original levels within 2 hours. McBean and 
Halsted (32), however, have reported that plasma levels 
were similar whether blood samples were taken during fas- 
ting or in a postprandial state. Zinc levels in plasma 
have been shown to be temporarily lowered in conditions 
such as infections (28), pregnancy (18), surgical proce- 
dures (28), and other stressful situations such as myo- 
Caraial intarction (28)% "Fox tla) conelLuded® that: turther 
work needs to be done to establish conditions that affect 
plasma zinc levels in the normal adult. 

The zinc content of hair Vs thought toftreflect! the 
Zinc status for the period of time over which the hair 
grew (13). Strain et al. (69) showed that supplementation 
of a zinc deficient diet with zinc sulfate resulted ina 
marked elevation of zinc levels in hair. They concluded 
that hair analysis offered a simple and reliable method of 


assessing zinc stores. Hambidge et al. (20) found low levels 
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of zinc in hair collected from supposedly healthy children 
in Denver. Levels increased with zinc supplementation. 
Klevay (26) tested the hypothesis that hair could be used 
for the assessment of zinc nutriture in humans by studying 
the relationship between the zinc content of hair, red 
blood cells, and plasma. He found no statistically signi- 
ficant relationship between the zinc content of the three 
parameters studied. As noted in a review article (1) a 
correlation would not necessarily be expected as hair 
reflects past nutriture whereas plasma reflects more re- 
cent nutriture, current metabolism or both. McBean: et al. 
(33), also failed to find a positive correlation between 
Zinc levels in hair and plasma samples collected from 
Iranian children. Plasma zinc levels were judged to be low 
and yet Zinc content in hair from the same subjects was 
high. The authors state that their data did not support 
tne conclusion that zinc content of hair-<is' ja reliable “‘para-— 
meter to be used to judge zinc stores. 

Samples obtained from muscle or liver would reflect 
the zinc status of these tissues. Such tissues must be 
surgically obtained and are thus more difficult to procure 
than either hair or plasma. Analysis of the zinc content 
of muscle and liver, from individuals who died accidently, 
have ee done by Tipton and Cook (73) and McBean et.al. 
(31). In all cases, the amount in muscle was slightly 


qzueater than the-amount in diver. “The effect of dietary 
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change on zinc levels in these tissues has not been studied 
in the human. 

Siegel et al. (64) studied the turnover rate of intra- 
venously administered O57 in a number of tissues including 
liver and skeletal muscle. Of the tissues studied, liver 
retained the highest amount of the dose administered where- 
as muscle had the lowest level, some 10 to 30 times less 
than liver. The turnover rate oF oe in liver was judged 
to be slow as some 4% of the dose was still evident after 
fe Gey owe TNC. Siid.wl mount OF O27 accumulated by skeletal 
muscle did not appear to change significantly with time. 
Spencer et al. (67) did a similar experiment and found that 
after 71 days Sag concentration in liver was still one-quar- 
ter of the amount present the first seas About 2% of the 
administered dose was deposited in skeletal muscle and this 
level was maintained for a prolonged period of time. 

Smith et al. (65) have reported that liver zinc levels 


in the rat did not decrease with a dietary deficiency. 
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EXPERIMENTAL PROCEDURE 
Subj JEcts 


Twenty-nine subjects participated in the experiment. 
Fifteen were controls, of diien 6 were male. The 14 ex- 
perimental patients were all females. 

Patients who served as controls varied in age from 
17 to 57 with a mean: age of 33. Subjects were classified 
into 3 groups (Table I). Group A was composed of 3 
patients who underwent major upper abdominal surgery, there- 
by making possible the collection of liver and muscle sam- 
ples for zinc analysis. Plasma and hair samples were also 
collected from these patients. Group B were post-mortem 
individuals who had died suddenly. Hair, muscle and liver 
samples were collected from this group. McBean et al. (31) 
had found no significant difference in zinc levels in post- 
mortem samples of liver and muscle from diseased and non- 
diseased subjects. Group C were healthy, non-hospitalized 
individuals. Plasma and hair samples were obtained from 
Ghius ‘group. 

Experimental patients were those who had previously 
undergone an end-to-end jejuno terminal ileostomy bypass 
operation (58) and were again hospitalized for varying reasons. 
They ranged in age from 22 to 50 years, with a mean age of 
37 (Table II). Liver and muscle samples were obtained during 


abdominal surgery which took place from 240 to 4770 days 
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after the bypass operation. Plasma and hair samples were 


also collected. 
Collection and storage of tissues used to assess Zinc status 


The zinc status in the bypassed patient was determined 
by measuring zinc levels in liver, plasma, muscle, and 
hair. Zinc content of the liver was determined in both 
fat-containing and defatted, lean liver tissue, as fatty 
metamorphosis of the liver is one of the consequences of 
the intestinal bypass operation. 

All containers and glassware which would come in con- 
tact with tissue were soaked overnight in 2M nitric acid 
and then rinsed 5 times with deionized water to render 
them zinc-free. As rubber stoppers contain high amounts of 
Zinc, they were not used (16). Containers were stoppered 
Wistil sara ts. Lm. 

Eight milliliter samples of blood were drawn by ven- 
ous puncture with a glass syringe. Samples were collected 
from experimental subjects and hospitalized control sub- 
jects (Group A, Table I) between 8 and 9 a.m. following a 
15 hour overnight fast and before the patient arose and be- 
came physically active. Samples from control subjects in 
Group C (Table I) were collected at 11 a.m. which was at 
least 3 hours following breakfast and after sedentary acti- 
vity. If there was any indication of hemolysis, the blood 


sample was discarded and replacement samples were drawn as 
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the RBC has a much higher concentration of zinc than does 
the plasma (70). One-tenth of a milliliter of zinc-free 
sodium citrate (40 neve ml) was used as the anticoagu- 
lant (21). Red blood cells were removed by centrifugation 
and the plasma stored at -20°C until used. Plasma, rather 
than serum, was used since the concentration of zinc in 
serum is 16% higher than plasma because of release of zinc 
from platelets) during clotting BU 71). 

One-half gram samples of liver and muscle (rectus ab- 
dominus) were obtained by surgical removal and stored at 
707 C sun inused : () 1). . 

At the same time blood samples were drawn from sub- 
jects, 0.1 g samples of hair were collected from the nape 
of the neck. Each sample contained recently grown hair; 
nowmore than 2.5 cm distance Lrom the scalp. -Haiz. samples 


were stored in paper envelopes until used. 
Measurement of zinc 


Zinc levels in all tissues studied were measured using 
an "Evans Electroselenium Ltd." (EEL) atomic absorption 


spectrophotometer (see Appendix I A). 


A. i, prdsmas Ihe -preccdire OL Prasadseteak, (20) (was 
used to determine the amount of zinc in plasma. Plasma 
was deproteinated with trichloroacetic acid (TCA), (see Ap- 


pendix I B) and zinc measured in the TCA fraction of the 
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digest. Samples were assayed in duplicate. 


Beye eviver:  4inc levelemuni iver were determined 
uSing a modification of the procedure of Evenson et al. 
(11). Modification involved extraction of tissue fat 
with a Soxhlet micro-extraction apparatus (see Appendix 
i C) and a scaling up of Evenson'’s procedure so that larger 
tissue samples could be utilized (see Appendix I D). To 
remove the contaminating effect of red blood cells, liver 
samples were first washed with 10% reagent-grade formalin 
which contained no detectable zinc (38). Excess formalin 
was removed by placing the tissue sample on a disc cf 
cellulose filter paper. The washed sample was then diges- 
ted with nitric acid and zinc measured in the digest. Sam- 


ples were assayed in triplicate. 


Cie einamuscles: Zine hevels .angguscleiwereadetermined 
using a modified version of the method described by Evenson 
et al. (11). Modifications are described in Appendix I D. 


All samples were assayed in triplicate. 


D. In hair: Hair samples were washed according to 
the procedure of Reinhold et al. (55) (see Appendix I E). 
A modification of the method described by Pomeroy et al. 
(46) was used to determine zinc levels. Hair samples were 
acid digested and zinc measured by means Of atomic absorp- 


tion spectrophotometry. Samples were assayed in duplicate. 
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Ey oPreparation Of a calibvation curve: The: ab— 
sorbance of standard solutions containing 0.5 ppm to 6.0 
ppm of zinc in 0.5 gradations were determined. Zinc con- 
centration was plotted against absorbance. To account for 
small fluctuations in the spectrophotometer, the concen- 
tration of zinc in the standard solutions was determined both 
before and after the test samples were ee at. Absor- 
bance values reported are an average of the two assays. As 
the standard curve changed from one set of analyses to an- 
other, a new curve was made each time a group of samples 
was run. 

The standard solutions of zinc (see Appendix I F) were 
prepared with nitric acid and used for the assessment of 
Zinc Aan muscie, liver and air, white trichloroacetic acid 
(TCA) (25) was used to prepare the standard solutions for 
the assessment of zinc in plasma. Ten millimolar HNO3 and 


0.01% TCA were used for blanks, respectively. 


oe ella yore Ol “ddGetr  Meanioreanc olrangard ‘error Or “the 
mean were calculated for each parameter measured. Doubtful 
observations were rejected according to the procedure des- 
cribed by Brumblay (6). To test the significance of dif- 
ferences between tissue zinc levels of the control and the 


experimental groups, an unpaired t-test was used. The cor- 


reLaleot CoolIT CIonNiw  @ Was Used to express the relationship 
between days since the bypass operation and tissue zinc 
levels as well as between per cent liver fat and liver Zinc 


levels. 
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RESULTS AND DISCUSSION 
Zinc levels in plasma 


Control subjects had a meanipilasma zinc level of 
76 pag/100 mM. (table Lit). Thilo svatue falls within the 
range of 72 to 115 yug/100 ml which Halsted and Smith (18) 
reported es normal but as lower han the mean,of 96 pq/100 
ml which these authors had found. Subjects 1-3 (Group A) 
had a mean plasma level of 76 yag/100 ml which was identi- 
cal to the mean found in samples taken aon Group C (sub- 
jects 8 - 15). Blood from subjects in Group A had been 
drawn before 9 a.m. and following a 15 hour fast, and no 
activity, whereas, that taken from Group C was drawn at 
least 3 hours after breakfast and following sedentary 
exercise. Food consumption and exercise seemed to have no 
affect on zinc plasma levels in these subjects. 

Experimental subjects had a mean plasma zinc level of 
63 pag/190 ml (Table III), which is below the 72 pag/100 Tal 
suggested by Halsted and Smith as the lower limit of normal 
(18). Whether plasma was obtained before or after surgery 
did not affect plasma zinc levels as the mean of 58 yng/100 
ml.for-plasma obtained,/.to 10 days after surgery was not 
Significantly lower than the mean of 71 yag/100 ml for plasma 
obtained before surgery (Table III). 

The mean plasma level of 63 yag/100 ml for experimental 


subjects was significantly less (P< 0.01) than the 76 yug/100 ml 
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Teble Tiles Levelevol wince im the Plasma of 
Control and Experimental Subjects. 


COnero lL Experimental 
: Zinc . LiB Sample 
Se tig 100 il Subject 4g/100 ml Obtained 
i 87 16 56 Aa 
2 ae ee 51 A 
2 75 18 56 A 
8 79 £9 56 A 
9 21 20 65 BD 
10 76 21 fas A 
LD 7a) 22 63 B 
14 78 Zo 70 B 
15 75 24 51 B 
25 61 A 
26 Sil. A 
27 83 B 
28 93 B 
29 54 A 
MeantSEMCo GE 2S eae Go23 


Ah AT ter surgery 
b Before surgery 


C Standard error’ of the mean 
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obtained for control subjects. Correlation between days 
Since the bypass operation and plasma zinc levels for the 


experimental subjects was not Significant (r=0). 
Zinc levels in liver 


Freeze-dried liver samples obtained from control and 
experimental subjects contained mean zinc levels of 213 
ana iw) Gy prespectively, (Gab lemty) These values are 
similar to the mean of 179 pg/g found in normal subjects 
by McBean “et al. (31) and! Ttfalliwrthin, the range of “91 “to 
3239/79 ‘considered by these workers to be* normal. , The 
mean levels of zinc found in control and experimental sub- 
jects were not significantly different from each other. 

Zine Vevels in e@rived Wiver; J. com which tie tat had 
been ‘extracted, were, 236 mg/g tm he control Subjects and 
220 ywig/G, in vthe- experimental subjects “(fable IV}. These 
values were not significantly different from each other. 
Zinc levels in fat-extracted liver from both control and 
experimental subjects were significantly higher (P< 0.01) 
than values found in fat-containing liver. However, these 
values were still within the normal range reported by 
McBean et al. (31). 

Although the amount of fat in liver was greater in 
experimental than control subjects, 21% vs 10% (Table IV), 
this difference was not Significant. Salmon (58) has re- 


ported that the percentage Of individuals with fatty 
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Zinc (ug/g)P 


Subject em ee ICG 
BP Fat-containing - Fat-free 
CONTROLS 

at 216 229 6 

2 240 264 9 

4 195 220 ll 

ls) 285 | ae | 2] 

6 188 216 ays: 

a Zen Zon Tae 
MeantSEMC® 213210 236410 Maas 

EXPERIMENTAL 

16 240 82 198 ac 

ded, 619 20 E56 14 

18 653 224 254 12 

ce 912 205 228 10 

20 iba OS) 134 208 36 

ZA: 2072 Pid A 268 Zu 

Zz 224) oe 268 ie: 

23 2264 23 255 9 

24 2290 89 143 39 

25 2427 152 206 ZG 

26 2850 digas 207 16 

rA9 | SLS0 Sad | 301 8 

28 3375 158 oo eek 

29 4770 158 Loo 16 
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a Days since the bypass operation 
b Freeze-dried samples 


C Standard error of the mean 
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metamorphosis is especially marked during the first year 
post-op and gradually decreases to more normal levels 
some 1000 to 1500 days following bypass surgery. Five 
experimental subjects in the present study had had the 
bypass operation for fewer than 1200 days. They hada 
mean level of 26% fat in the liver compared with 19% for 
the 9 subjects who had had the operation for greater than 
1200 days. This, difference was not statistically signi- 
leidebs bah we 

No significant correlation between days since the 
bypass operation and zinc levels was found for either 
fat-containing (r=0.22) or fat extracted, freeze-dried 
(r=0.05) liver samples. Correlation between per cent 
liver fat and zinc levels in fat-free, dried samples from 
experimental subjects (r=-0.48) was also not significant. 
In fat-containing, experimental liver samples, correlation 
between per cent liver fat and zinc levels (r=-0.79) was 
Sronitvcarmieat 2 < 0501. ) As the <amount cre ratiin the diver 
increased, the amount of zinc in the liver decreased 


(Figure 1)\. 
Zine Levels in -muscle 


Freeze-dried muscle samples from control subjects had 
asmean zinc concentration of 185 jpg/g (Tahie Wile fins 
falls within the range of 94-264 ng/g considered to he 


normal as reported by McBean et al. (31) and is slightly 
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Figure 1 


Correlation between per cent 
liver fat and liver zinc 
concentrations for 
experimental subjects. 
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Table V. Levels of Zinc in the Muscle of 
Control and Experimental Subjects. 


Control Experimental 
Subject Zinc® Subject Zine? 
NgG/G DI/G 

ii 15 16 206 

¥, 198 LF PS5 

4 L774 19 123 

5 186 20 160 

6 184 oa 166 

%) 191 paps 156 

23 195 

24 Leo 

ek ZOOS 

26 223 

Pee 149 

28 142 

29 nos 

MeantSEMP 18545 igi 


a Freeze-dried samples 


b Standard error of the mean 
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lower than the mean value of 197 pg/g found by these 
auChOrS 7 Experimental \subjecusmmad a,incan or 1 71ng/g 
(Table V) which is also considered to be normal. Levels 
in control and experimental subjects were not significantly 
different. 

Correlation between days since the bypass operation 


and muscle zinc levels was not Significant (r=0.02). 
Zinc levels in hair 


Hair samples from control subjects had a mean of 
eo 4ug79 (lable VI)e.e This.is considered, Losbe normal (as 
tt-falls within “the range: of 150-250 pag/g suggested by 
Pomeroy etstal. (46)s4») Hair from Ret crests) Subjects 
Hedaarmieanszinc content of l55 mg/g (Tabte: Vi). yalbis 
tevel as tow when compared to controls tand is significantly 
Ope heren tat na Pai 0.025, 

Correlation between days since the bypass operation 


and hair zinc levels was not significant (r=0). 
Zinc status of bypass patients 


Zinc levels in plasma and hair taken from the intes- 
tinal bypass patients were significantly lower than levels 
found in controls. Whether the decreased levels in these 
tissues was due to an inadequate intake of zinc by these 
subjects is not known as a record of food intake was not ob- 


tained. All subjects consumed ad libitum diets. 
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Table VI. Levels of Zinc in’ the Hair of 
Control and Experimental Subjects. 


Control Experimental 
Zine : Zinc? 
Subject ag/g Subject ug/g 
ib 186 16 108 

2 235 iy 83 

3 LAD 18 is af 

4 183 19 OS 

5 LTS 20 150 

8 22 eat 110 

9 184 22 EEO 

HO 180 25 Tero 
cia L6ESOE 24 221 
2 Ae ys) Pan, 180 
iS 232 26 149 
Zr 207 

28 208 

29 190 
MeantSEM™ 193410 ace 


a Freeze-dried samples 


b Standard error of the mean 
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Experimental patients ate relatively large quantities of 
food and thus could have been consuming adequate amounts 

of zinc. However, a decrease in zinc absorption because 

of the shortened intestine could have resulted in ie lower 
levels of zinc found in plasma and hair. 

Stress or trauma can cause a decrease in plasma zinc 
levels (28). All experimental subjects had undergone re- 
cent abdominal surgery. However, Sefton et al. (63) showed 
that the level of zinc in the plasma usually returned to 
normale 2 womsedayss following surgery therelores) surgery 
should not have greatly affected levels in this study as 
plasma samples were obtained either before or 7 to 10 days 
AErLerAISUngGeLy. 

The level of zinc in hair samples taken from experi- 
mental patients was Significantly lower than in control sub- 
jects. Hair gives an indication of previous zinc intake 
(33), but does not necessarily indicate zinc status at the 
time of sampling. Gilbert et al. (15) have shown that Be 7a 
turnover rate in hair from the rat is very slow. They 
found that 100 days after the injection of eee 3 of the 
dose was still present in the hair compared with 0.4% and 
2.2% of the test dose in liver and muscle, respectively. 
Ballou and Thompson (3) showed the same results. They found 
that even after 300 days, 0.01% of the test dose was still 


in the hair, whereas no detectable levels of the test dose 


could be found in liver and muscle. They were also able to 
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show that chronic feeding of Oar resulted in a continuous 
uptake of zinc by hair suggesting that the turnover rate of 
Zane int savy Js\ very “slow.. 

In the present study, hair samples were clipped from 
the nape of the neck and were not longer than 2.5 cm in 
length, as measured from the scalp. Pate paren rate of 
hair growth, these samples should indicate recent Zinc 
status, perhaps some 1 to 3 months previous to sampling. 

Only a few experimental subjects had low zinc levels 
in both plasma and’ hair. The results of this ‘study (r=0.36) 
would agree with the suggestion of McBean et al (33), that 
there is no correlation between plasma and hair zinc con- 
centrations. 

Levels of zinc in muscle and liver samples in experi- 
mental subjects were similar to levels found in controls 
and would indicate an adequate state of zinc nutrition. 


Ballou and Thompson (3) showed that liver, when compared 


fod 


6 : 
to muscle, rapidly takes up >on. One hour after admin- 


Tecra LLono. an 4.83 and 0.12% of the test dose was 
found in liver and muscle, respectively. Turnover of oe 
in the liver is very rapid compared with muscle, as after 
100 days, the amount of the test dose retained had dropped 
from.4.8% to 0.02% in liver compared to aidrop from, 0.12% 
to 00% eoan -maisc.le.. 


Zine Levels decreased as the amount of fat increased 


in liver samples obtained from experimental subjects; thus, 
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there was a negative correlation between per cent fat and 
liver zinc levels. Zinc levels in fat-extracted liver 
samples from experimental subjects were significantly 
higher (P< 0.01) when compared to fat-containing liver sam- 
ples. A. significant difference was also found in the con- 
trol subjects. However, the zinc levels in both fat-con- 
taining and fat-extracted liver samples from the experi- 
mental, as well as control subjects were normal (31). 

Zinc levels in plasma, liver, muscle, and hair of 
experimental subjects were very scattered and thus poorly 
correlated. This lack of correlation agrees with the state- 
ment by McBean et al. (31) that a decrease in plasma Zinc, 
as would be found in deficiency states, has ame yet been 
shown to be reflected by decreases of zinc in other tissues. 
Gilbert and Taylor (15) found that almost twice as much of 


a test dose of on was taken up by liver than by leg mus- 


cle in rats. Zinc was then rapidly lost £rom liver to plasma 


whereas that in muscle did not completely equilibrate with 
plasma for several days. Thus plasma zinc seems to more 
freely exchange with zinc in liver than in muscle. Dif- 
ferences in turnover rate could help explain why plasma 
levels correlate poorly with zinc levels in soft tissues. 
Mean zinc levels in the plasma, liver, muscle, and 
hair from individuals who had undergone the bypass operation 
were less than levels found in control subjects. However, 


as only zinc levels in plasma and hair from the experimental 
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Subjects were significantly different from controls, no 
conclusion as to the zinc status of bypass patients can be 
drawn. Further work with more subjects, using additonal 


parameters to assess zinc status, is needed. 


SUMMARY 


ike The amount of zinc in plasma, liver, muscle, and hair 
of control subjects was normal when compared with values 
found in the literature. Zinc levels in liver and muscle 
from intestinal bypass patients were also normal; however, 
values for plasma and hair were less than the normal range 


for these parameters. 


Dae Levels of zinc in plasma and hair from bypassed subjects 
were Significantly less than values found for control sub- 
jects, P< 0.010 and..P< 0,025, respectively. There was no 
significant difference in zinc levels found in liver and 


muscle from these 2 groups. 


5: Liver samples from bypassed patients contained 21% fat 
compared to 10% fat from control subjects. This difference 


was not significant. 


re As the amount of fat in the liver increased, the amount 
of zinc decreased. With the removal of fat from liver tissue, 
the amount of zinc per gram of tissue increased. Zinc con- 


tent of the fat-free tissue was still normal for both control 
and experimental subjects and the differences between these 


2 -Groupsewasenot Signiticant: 


aye The fat content of liver in subjects who had undergone 


the bypass operation for less than 1200 days was 26% whereas 
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those who had had the bypass operation for more than 1200 
days had a value of 19%. This difference was not statis- 


Picalisyestdniaacant. 


Gas Because only plasma and hair and not liver and muscle 
zinc levels suggested that zinc status in the intestinal 
bypass patient was inadequate, additional studies are re- 


quired “co fully assess~status. 
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APPENDIX 


Appendix I 


Ze. 


Instrument details for the "EEL" atomic absorp- 


tion spectrophotometer (72) 


wavelength setting: 211 mu (2118 R) 

Stre=setting:= 0207" mn orswless 

lamp current range: 1 (with a Westinghouse 
hollow cathode lamp) 

Fuel: Oxidizing:’ use LO psi air pressure and 8 
psi acetylene pressure to give a clear 
blue flame 

warm-up time: approximately 30 minutes with the 
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. Determination of plasma zinc levels 


Bight milliliters of blood were collected with zinc-free 


glass syringes. Blood was delivered into an acid-cleaned 


test-tube which contained 0.1 ml of 40% sodium citrate. 


Plasma was obtained by centrifuging the blood at 3,000 rpm 


For 20 minwtes. 


Plasma was deproteinized by adding 1 ml of 10% trichloroa- 


cetic acid (TCA) to each 2 ml of plasma and then heating the 


mixture at 90° for 5 minutes. The sample was again centrifuged 


for 20 minutes at 3,000 rpm. The supernatant was decanted and 
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saved. To the precipitate, 1 ml of 10% TCA was again added, 
and the mixture heated and centrifuged as described above. 
The supernatant solutions from each sample were combined 
and used in the atomic absorption spectrophotometer to deter- 
mine zinc. The TCA used contained trace amounts of zinc; 
therefore, zinc was determined in 2 ml of TCA and this value 
was subtracted from the zinc content found in each plasma 


sample. 
C. Fat extraction of liver samples 


One-tenth of a gram of liver was accurately weighed out, 
washed in 10 ml of formalin and then freeze-dried for 10 
Hours. “"The*ary weight of the tissue was then recorded. The 
dried tissue sample was placed in a 10x50 mm cellulose 
thimble which was then placed into a Soxhlet micro-extraction 
apparatus. 


Twenty-five milliliters of anhydrous ethyl ether was 
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added and the tissue extracted for 4 hours at 38°. Preliminary 


work. had shown the ether extract to be zinc-free. 


D. Determination of zinc in fat-free liver samples 


A freeze-dried liver sample was placed in a 16x150 mm test 


tube which had a $ 13 ground-glass joint. Three milliliters 


of 2M zinc~free HNO. was added and the sample was digested 


3 


at 80° for 24 hours. The HNO, was evaporated with a Buchi 


flash evaporator until only the digest residue remained which 


was a viscous yellow liquid. Four milliliters of 10 mM 
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zinc-free HNO , was added to the digest residue with vigour- 
Ousmma= 1 re67 PTS remove any insoluble particles, the sample 
was centrifuged at 3,000 rpm for 20 minutes and the 


supernatant decanted. Zinc was determined in the supernatant 


by flame atomization. 
Po perterninetion CLigince In hair 


One-tenth gram of hair was cut from the nape of the 
neck. The hair was washed in 100 ml of a 0.1% (v/v) solution 
of soap (Lux Liquid) at room temperature for 10 to 20 minutes 
with occasional stirring. The soap solution was then de- 
canted through filter paper and replaced by another 100 ml of 
soapy solution. This solution ‘in turn was decanted after 
20 minutes of soaking and the hair rinsed in 4-10 exchanges 
of approximately 50 ml each of deionized, demineralized 
water until no foaming could be detected in the rinse water. 
Dyed hair samples were rinsed until no dye was evident in 
the wash water. The hair ae then immersed in 2 successive 
pOotctions of about, 25 ml of 95% ethanol for Sto LO minutes 


each, and finally in 2 successive portions of 25 ml of ether 


for a similar time. The hair was removed from the ethyl ether 


and dried over anhydrous calcium chloride for 1 day. 
Duplicate samples of 0.05 gram of the dried hair were 
accurately weighted in an acid-washed 25 ml erlenmeyer flask. 


To each flask was added 2.5 ml of concentrated HNO The 
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flask was placed on a hot plate in a fume hood and the hair 
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dissolved by gentle boiling. When the volume was decreased 
to about half, the solution was cooled and 2 ml of perchloric 
acid was added. Gentle boiling was continued until only 1 

to 2 ml remained and the solution was colourless. After 
cooling, the solution was brought to 25 ml ina volumetric 
flask. A 10 ml sample from this flask was used to determine 
the level of zinc in the hair. A blank was run because of 


the high zinc levels in the perchloric acid. 
F. Preparation of stock solution for standard curves 


One-half gram of high purity zinc was dissolved in 100 ml 
GE S5Usmby volume, concentrated nitric acid.) The solution was 
cooled and then made to 500 ml with Ae onaeeae demineralized 
water. Serial dilutions were used to prepare the working 
concentrations for the standard curve. Ten per cent TCA 
was used for the stock standard for zinc measurement in 


plasma. 
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